Abstract
Introduction

1
The Fulani are a large and widely dispersed group of both nomadic herders and written records suggest that the Fulani spread from West Africa (currently Senegal, 7 Guinea, Mauritania) around 1,000 years ago, reaching the Lake Chad Basin 500 years 
21
Similarly to other pastoralists, the Fulani experienced specific selection pressures 22 probably associated with a lifestyle characterized by transhumance and herding 23 (Podgorna et al. 2015; Triska et al. 2015) . Lactase Persistence (LP) is a widely studied 24 genetic trait with evidence of recent selection in populations who adopted pastoralism 25 and heavily rely on dairy products, especially drinking fresh milk (Tishkoff et al. 2007 ; genetic backgrounds of these polymorphisms suggest convergent adaptation in 10 populations with dairy-producing domesticated animals.
11
The T-13910 allele is reported to be the key variant regulating maintenance of LCT 12 gene expression in European adults. This variant is generally not detected in most East 
5
In this study we analyse genome-wide SNP data from 53 Fulani pastoralists from 6 Ziniaré, Burkina Faso to investigate the history of the Fulani population and the patterns 7 of Eurasian admixture in their genomes, and to uncover the origin of the LP variant 8 they carry. We perform genome-wide selection scans to investigate the strength of 9 selection on the LP region and to identify other additional genomic regions that 10 experienced selection during processes of adaptation to herding lifestyles in the Fulani.
11
Lastly, we attempt to identify additional genomic regions associated with the ability of 12 digesting milk during adult life by performing, for the first time in published research, 13 a genome-wide association study (GWAS) on the lactose tolerance phenotype in adults. Phenotype test 4 For estimation of lactase activity, we used the lactose tolerance test (LTT), which is 5 based on the measurement of an increase of blood glucose (glycemia) after 6 consumption of 50 g of lactose on an empty stomach (Arola 1994; Tishkoff et al. 2007 ).
15
Subjects and Methods
16
Sampling
7
Blood glucose was measured by eBsensor (Visgeneer Inc.). Volunteers were asked to 8 starve overnight (minimally 8 hours) and their base-line blood glucose was measured 9 afterwards. Then they were asked to drink 50 g of lactose dissolved in 200 ml of water
10
(which is equivalent to the amount of lactose in 1 to 2 litres of cow's milk) (Arola 1994; ingestion. The maximal difference from the base-line from these three measurements 13 was used in genotype-phenotype comparisons. Data management and quality filtering was carried out using PLINK v. for the study.
The newly generated data will be made available for academic research use through the
11
ArrayExpress database accession number XXXX.
13
Merging with previously published data 14 We merged the new data with published comparative datasets following the same 15 quality control criteria as described above. We added 1295 samples from 39 populations 16 (full descriptive list in Table S1 ).
17
For the first dataset (dataset A) we compiled selected groups from the 1000 genomes (Table S1 ). Dataset B was used in studies of genetic affinities Population structure analyses 8 Population structure analyses were performed on dataset B. We generated a Principal Local ancestry analyses 23 We use the RFMix software (Maples et al. 2013 ) to identify local ancestries of genomic To inspect the frequency of a European-like (CEU) fragment being flanked by North- African ancestry region. This analysis was repeated 9,999 times. 6 We also tested if the different ancestry distributions across the genome could be 7 explained by two independent admixture events. We simulated 53 phased individuals by North African-like fragments was recorded.
14
Lastly we tested population models with specific admixture events using qpGRAPH 
Results
21
Fulani ancestry and admixture 22 We started by investigating the genetic affinities of the Fulani from Ziniaré in Burkina African group, with broadly similar ancestries compared to the first admixture event, 19 and a European group. However, this European group is more related to present-day 20 southwestern Europeans (Iberians (IBS) and Tuscans (TSI)).
In addition to the SNP typing we sequenced the LP region in intron 13 of the MCMC Africans were included as a parental population, the region near the LP variant departs 11 5.58 SD from the genome-wide average of European ancestry (μ=0.128, Figure S4 ).
12
Looking in closer detail at the haplotype structure of this region, we observe that the To examine which particular source population was a likely candidate for this Figure 1C, S2) . We therefore re-ran the clustering analysis 5 with a supervised approach ( Figure S9 ) and observed that the ancestry components of 6 the Mozabite group could explain the non-West African genetic variation in the Fulani. To further investigate the origin of the European ancestry segments in the Fulani, we we observe in the Fulani from Ziniaré, Burkina Faso ( Figure S10 , p-value <0.01), 26 indicating that the two ancestries, at least in this Fulani population from Ziniaré, were 27 not introduced by two separate events.
28
This scenario was further confirmed by testing specific demographic models using Table S3 , S4).
18
These results clearly associate the 13910*T allele with the LP phenotype and point to To investigate if other parts of Fulani genomes are involved in the ability to digest 24 lactose we performed a Genome-Wide Association Scan (GWAS, Figure 3A , S14) for 25 the glycemic measurement phenotype. This GWAS led to the identification of two 26 regions, on chromosome 2 and chromosome 13 respectively, that clearly stand out.
27
Even though none of the peaks reached the overly conservative Bonferroni multiple test . Surprisingly, however, the region on chromosome 13 8 showed a slightly higher association with the phenotype in our GWAS analysis, with 9 the highest association for the rs6563275 SNP (p-value = 1.03x10 -6 , Figure 3C ). This Jola, Gurmanche, and Igbo ( Figure 1B , S1, Table S2 ). The identification of the specific 
23
We inferred that the non-West African proportion in the Fulani were introduced through 24 two admixture events (Table S2) , dated to 1828 years ago (95% CI: 1517-2138) and Southwestern European source (Table S2 ). This event can possibly be explained by 
5
To date no publication has used a genome-wide approach to investigate whether other 6 genomic regions are associated with the LP phenotype ( Figure 3A -C, S14-S16). Here with the ability to digest lactose (and generate glucose in the blood), on chromosome 10 13. We report here a strong association between glycemic levels (after lactose 11 ingestion) and a region 2.7 Mb upstream of the SPRY2 gene on chromosome 13.
12
Previous GWAS studies have associated the SPRY2 gene with adiposity and The complete history of the Fulani pastoralists remains to be uncovered, but through 
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